ABSTRACT Successive releases of Planck data have demonstrated the strength of the Sunyaev-Zeldovich (SZ) effect in detecting hot baryons out to the galaxy cluster peripheries. To infer the hot gas pressure structure from nearby galaxy clusters to more distant objects, we developed a parametric method that models the spectral energy distribution and spatial anisotropies of both the Galactic thermal dust and the Cosmic Microwave Background, that are mixed-up with the cluster SZ and dust signals. Taking advantage of the best angular resolution of the High Frequency Instrument channels (5 arcmin) and using X-ray priors in the innermost cluster regions that are not resolved with Planck, this modelling allowed us to analyze a sample of 61 nearby members of the Planck catalog of SZ sources (0 < z < 0.5,z = 0.15) using the full mission data, as well as to examine a distant sample of 23 clusters (0.5 < z < 1,z = 0.56) that have been recently followed-up with XMM-Newton and Chandra observations. We find that (i) the average shape of the mass-scaled pressure profiles agrees with results obtained by the Planck collaboration in the nearby cluster sample, and that (ii) no sign of evolution is discernible between averaged pressure profiles of the low-and high-redshift cluster samples. In line with theoretical predictions for these halo masses and redshift ranges, the dispersion of individual profiles relative to a self-similar shape stays well below 10 % inside r 500 but increases in the cluster outskirts.
1. INTRODUCTION Clusters of galaxies trace the most massive matter inhomogeneities that collapsed across cosmic times. The baryonic matter in galaxy clusters predominates in the form a hot ionized atmosphere that has reached virial temperatures, detectable at the same time from its X-ray bremsstrahlung emission and via the inverse Compton scattering of the Cosmic Microwave Background radiation (the so-called SunyaevZeldovich effect, hereafter SZ). Because cluster atmospheres are thought to lie close to hydrostatic equilibrium, thermal gas pressure is the thermodynamical quantity that best relates their internal structure to the cluster masses. X-ray observations of a representative sample of the local cluster population have shown that this relation is particularly tight at intermediate cluster-centric radii (r 2500 ≤ r ≤ r 500 1 , Arnaud et al. 2010, hereafter A10) , where the gas pressure structure exhibits a remarkable mass-scale invariance. Reflecting the scale invariance of the underlying dark matter halos, the self-similarity of gas pressure profiles also motivates the use of empirical scaling relations that connect the total cluster masses to SZ and X-ray proxies of the averaged gas pressure, such as the integrated Compton parameter and its X-ray analog, Y x .
The Λ-CDM cosmological scenario predicts that clusters grow via the continuous accretion of less-massive, not-yetvirialized structures of the cosmic web. The hydrostatic equilibrium of cluster atmospheres is thus an approximation that must, at least, be corrected by perturbative terms that reflect the pressure support of anisotropic gas motions. Numerical N-body simulations show that the non-thermal pressure fraction related to these motions increases with cluster-centric radii (Lau et al. 2009; Nelson et al. 2014) , and that its sensitivity to the mass-accretion-rate tends to break the self-similarity 1 r ∆ is the radius of a ball with a density that equals ∆ times the critical density of the Universe. of the gas pressure profile in the cluster outskirts (r ≥ r 500 , Lau et al. 2015) . As a result, simulated cluster samples usually exhibit an increase of the thermal pressure scatter in the cluster outskirts (see e.g. McCarthy et al. 2014 and Borgani 2012 for a review of earlier works), at times coming with a steepening of the average profile shapes at the highest cluster redshifts (Battaglia et al. 2012; Lau et al. 2015) . From the observational side, a mild redshift steepening of averaged gas pressure profiles might be seen in stacked Chandra observations of clusters detected in the SZ by the South Pole Telescope (McDonald et al. 2014) .
In contrast to X-ray surface brightness that quadratically depends on the gas density and that is affected by the source redshift dimming, the SZ Compton parameter is just proportional to the integrated gas pressure along the line of sight and does not depend on cluster redshifts. Therefore, the thermal SZ signal is a direct, weakly biased tracer of the pressure structure, that can easily explore the outer regions of individual clusters, regardless of their distance. After the completion of its nominal mission, the Planck collaboration extracted the SZ signal of 62 nearby clusters detected at high significance in the Planck catalog (Planck Collaboration 2013). The radially averaged SZ signal in this sample extended up to 3 × r 500 , with a shape consistent with X-ray-derived pressure profile below r 500 , but slightly exceeding the theoretical predictions from cosmological simulations of cluster formation in the outskirts. Most clusters in this study were individually mapped beyond r 500 , which demonstrated the capabilities of Planck to map the Compton parameter out to the cluster outskirts.
In order to investigate the evolution of pressure profile shapes, the present work aims to extend the Planck collaboration study to higher cluster redshifts. We introduce a spatially variable modeling of the Galactic foreground and Cosmic Microwave Background (CMB) anisotropies, which enables us to exploit the 10-to 5-arcminutes angular resolution provided by the High Frequency Instrument (HFI) bolome- ters in the frequency range covered by the thermal SZ signal. Taking advantage of the statistical gain provided by the full 30-months mission data set and using X-ray priors in the innermost cluster regions that are not resolved with Planck, we extracted radial profiles of the thermal SZ signal toward the outskirts of the nearby (0 < z < 0.5) cluster sample presented by the Planck collaboration and within a more distant (0.5 < z < 1) subsample of the Planck catalogue. After describing these subsamples in Sect. 2, we detail our analysis of XMM-Newton, Chandra and Planck data in Sect. 3. Our results are presented in Sect. 4 and their perspectives are discussed in Sect. 5. Hereafter, m p is the proton mass, G is the gravitational constant, f b is the mean baryonic fraction of the Universe, and µ and µ e are the mean molecular weight and the mean molecular weight per free electron of the intracluster plasma. Moreover, intracluster distances are computed as angular diameter distances, assuming a Λ-CDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, Ω Λ = 0.7. Unless otherwise noted, confidence intervals and envelopes encompass a 68 % probability.
CLUSTER SAMPLES
After completion of its full mission, the Planck collaboration released an all-sky catalog of SZ sources that contains 1653 detections, including 1203 confirmed clusters with identified counterparts (Planck Collaboration 2016b). This catalog relies on cluster detections using a Multifrequency Matched Filter (MMF) approach, with their associated Signal-to-Noise Ratio (SNR). For this work we use two subsamples of the Planck catalogue that will be detailed below: the low redshift sample and the high redshift sample. Cluster masses have been estimated from the SZ flux measured within 5 × r 500 , assuming a flux-radius scaling relation calibrated using X-ray observations of nearby clusters (Planck Collaboration 2011). As shown in Fig. 1 , both of these subsamples span a nearly uniform mass distribution across redshifts.
LOW REDSHIFT SAMPLE
The low redshift sample coincides with the sample used by the Planck collaboration to calibrate SZ-scaling relations with X-ray observables and cluster masses. Members of this sample were selected for both their high SNR in the nominal 14-months data set, and the high quality of available X-ray follow-ups. A full description of their properties is provided in Planck Collaboration (2011). One member of this sample, ZwCl 1215+0400, has been removed from the present analysis as a result of its missing detection in the second Planck catalog of SZ sources. Following the MMF definition, these nearby clusters are now detected at a SNR higher than 7 in the final 30-month Planck data set. They cover a redshift range of 0.047 < z < 0.447 and a mass range of 2.6 < M 500 /10 14 M < 18.2 , with median values of z=0.15 and M 500 = 7.17 × 10 14 M , respectively.
HIGH REDSHIFT SAMPLE
The high redshift sample is composed of 23 clusters detected above z = 0.5 with a SNR higher than 5, for which reliable X-ray data is available in the XMM-Newton or Chandra archives. Table 1 lists the redshifts and characteristic radii of these distant clusters. The sample spans a redshift range of 0.5 < z < 1 and a mass range of 5.7 < M 500 /10 14 M < 12.9, with median values of z=0.56 and M 500 = 7.9 × 10 14 M , respectively.
3. DATA ANALYSIS 3.1. X-ray data: The X-ray emission in our cluster samples has been probed using XMM-Newton and Chandra observations performed with the European Photon Imaging Camera (EPIC) and Advanced CCD Imaging Spectrometer, respectively. We extracted radial profiles of the soft [0.5, 2] keV X-ray surface brightness, Σ x , and the spectroscopic temperature, T x , that were used to invert spherically symmetric templates of the gas emission measure, [n p n e ](r), and temperature, T(r). These templates were modeled using analytical forms first proposed in Vikhlinin et al. (2006): [n p n e ](r) = (r/r c )
where x = (r/r cool ) a cool . These analytical forms were subsequently integrated along the line of sight and fitted to the X-ray observables, Σ x and T x , assuming the temperatureweighting scheme proposed in Mazzotta et al. (2004) in order to mimic the spectroscopic response of a single temperature fit
with w = n 2 e /T 3/4 . In this work, Σ x and T x were centered onto the X-ray image peak and gathered photon events in radial bins where wavelet-detected point sources have been excluded. Secondary cluster substructures were also masked out in a few complex systems. As detailed in Bourdin & Mazzotta (2008) , such measurements rely on spatially variable, energydependent effective areas and detector responses. They invoke a background noise model that includes false detections due to the interaction of high-energy particles with the detectors and astrophysical components that are combined with the cluster signal, such as a cosmic X-ray background and a (two-temperature) Galactic foreground. These components, the spatial and spectral shape of which are detailed in Bourdin et al. (2013) and Bartalucci et al. (2014) , were spectrally fitted and normalized in an external annulus where no cluster emission is expected (r > 1.4 × r 500 ), apart for a few very nearby systems that cover the field of view. For these nearby systems, the background components were jointly fitted to the cluster emissivity in the outskirts.
The inversion of [n p n e ](r) and T(r) assumes the redshifted, Galactic-hydrogen-absorbed Spectral Energy Distribution (SED) of the hot gas combines a bremsstrahlung continuum with metal emission lines tabulated in the Astrophysical Plasma Emission Code (APEC, Smith et al. 2001) . By adopting the solar composition of metal abundances tabulated by Grevesse & Sauval (1998) and a constant normalization of 0.3, this is achieved using a parametric bootstrap where Σ x is convolved with the mirror Point-Spread Function (PSF) in the case of XMM-Newton, and fitted to several surface brightness and temperature realizations. This approach typically yields temperature and emission measure profiles with relative uncertainties of about 10% and 1%, respectively. As shown in Martino et al. (2014) , emission measure profiles, [n p n e ](r), turn out to be robust to X-ray telescope cross-calibration issues, suggesting that Chandra and XMM-Newton effective areas are consistent with each other in the soft band, and that the XMM-Newton PSF smearing is well known and invertible. Adopting the metal composition detailed above and a particle mean weight of µ = 0.596 allows us to infer an average ratio of proton and electron densities of n p /n e = 0.852. We use this value to infer an electronic density distribution, n e (r), from the parametric form of [n p n e ](r) given in equation (1). 3.2. Millimetric and submillimetric data: The galaxy cluster signal has been extracted using Planck HFI data from the full 30-months mission. All-sky HFI frequency maps have been reprojected toward smaller, eight square-degree maps, centered on each cluster. In these maps, the SZ and dust cluster signal is combined with Galactic foreground and CMB anisotropies on cluster scales, while cosmic infrared and SZ backgrounds contribute on larger scales together with instrumental offsets. To isolate the millimetric cluster signal from the other components, we applied the following procedure:
1. We reduce the angular resolution of HFI maps in the range 217-857 GHz, to a common value of 5 arcmin. We further convolve each frequency map, I HFI (ν), with a thirdorder B-spline 2 kernel, S , with a typical width of 1 degree and 15 arcmin for the nearby and distant cluster samples, respectively. This procedure yields a smoothed image that we subtract from the raw image. The resulting maps,Ĩ HFI (ν), are filtered from anisotropies with scales that exceed the cluster size, including the astrophysical backgrounds and instrumental offsets:
where δ is the Dirac distribution.
2. To build a spatial template of the Galactic thermal dust anisotropies, I GT D (857), we denoise the 857 GHz frequency map via a wavelet coefficient thresholding. We compute an isotropic undecimated wavelet transform Figure 2 . Planck-HFI frequency maps in the neighborhood of the galaxy cluster A2163. Numbers in brackets stand for the angular resolution. The cluster signal is primarily superimposed onto temperature anisotropies of the CMB at low frequencies (ν ≤ 143 GHz), and spatial variations of the Galactic thermal dust (GTD) emissivity and high frequencies (ν ≥ 353 GHz ). Both CMB and GTD anisotropies contribute to the pattern visible at 217 GHZ. (Starck et al. 2007 ) ofĨ HFI (ν) , that decomposes into B3-spline wavelet coefficients and a reconstruction that is obtained by a simple co-addition of the wavelet bands. Coefficient thresholds are preliminarily set to a 99.7 % confidence level from noise simulations that match the variance and power-spectrum inferred from differences of the half-ring data sets. As expected for a spatially correlated noise (Iain M. Johnstone 1997; Mallat 2009), they depend on both wavelet scale and position. Denoting R W as the image reconstruction operator associated with thresholded wavelet coefficients,W Ĩ HFI (857) , we get:
3. As proposed by Meisner & Finkbeiner (2015) , we model the SED of thermal dust anisotropies as a two temperature graybody that contains enough free parameters to fit the HFI data at all frequencies:
B ν (T 1 )
Parameters of this model are the two graybody temperatures, T 1 and T 2 , the two spectral indexes, β d,1 and β d,2 , and the cold component fraction, f 1 . The cold component fraction f 1 and spectral index are fixed a priori from their average all-sky value, while the temperatures, T 2 , and
) have been mapped a priori from a joint fit to Planck and IRAS all-sky maps.
4. By subtracting our thermal dust template from the 217 GHz frequency map, we infer a spatial template of the CMB anisotropies, I CMB (217). In the same way as for thermal dust, this template is denoised via a wavelet thresholding and extrapolated to all HFI frequencies, following the average SED of the CMB dipole:
5. We refine the thermal dust SED in the neighborhood of each cluster. To do so, we jointly fit the CMB template, I CMB (ν), and the thermal dust template, I GT D (ν), to the data set extracted in the cluster-centric radii range [7, 12] r 500 , where no cluster signal is expected. The free parameters of this fit are the cold component fraction, f 1 , and spectral index, β d,1 , plus the overall template normalizations η GT D and η CMB .
6. By means of convolutions with Gaussian beams of characteristic width, FWHM(ν) = FWHM ν 2 − FWHM 217 2 , Figure 3 . Millimetric signal detected toward the galaxy cluster Abell 2163. Maps result from a high-pass filtering of the Planck-HFI frequency maps (see Fig. 2 ) and a subtraction of Cosmic Microwave Background and Galactic thermal dust anisotropies (see details in Section 3.2). This subtraction predominantly reveals the thermal SZ signal -a decrement at 100 and 143 GHz, an increment at 353 GHZ-and residual contributions from the cluster thermal dust emissivity.
we reduce the angular resolution of the dust and CMB templates down to their expected resolution, FWHM ν , in the frequency range 100 to 217 GHz. We subsequently subtract these templates from the HFI data set. The dust and CMB-subtracted data set is the cluster signal, I cluster (ν), which combines the thermal SZ signal with a secondary contribution related to the difference between Galactic and the intra-cluster dust SEDs:
In this modeling, the correction of each SED for the HFI spectral response includes a unit conversion factor between the HFI 100-353 GHz channels and the 545 and 857 GHz channels that are calibrated in units of CMB temperature and intensities of a power-law SED, respectively (see details in Planck Collaboration 2014b,a). A color correction is further applied to adapt the Galactic dust SED to the power-law used to calibrate the high-energy channels. These corrections are calculated using the Unit conversion and Color Correction (UcCC) package provided with the current Planck data release.
An example of millimetric signal extraction is provided in Fig. 2 and 3 for the hot, massive galaxy cluster A2163. In the frequency range GHz, the HFI maps show a filamentary template of thermal dust, while the CMB anisotropies and the thermal SZ distortion are mostly visible at lower frequencies. After high-pass filtering of the maps and subtraction of the thermal dust and CMB templates, the SZ signal becomes clearly visible in the frequency range [100-353] GHz.
3.3. Joint X-Ray and SZ extraction of the cluster pressure profiles:
INDIVIDUAL CLUSTER PROFILES
In order to probe the gas pressure structure in both the inner and outer cluster regions, we perform the joint fit of a cluster pressure profile to the X-ray and millimeter signals. For each cluster, we assume that the pressure structure follows a spherically symmetric distribution, P(r), first proposed by Nagai et al. (2007, hereafter N07) :
where x = r/r s , r s = r 500 /c 500 . Given the millimetric and X-ray data sets, the inversion of P(r) is twofold:
1. To fit the millimetric data, P(r) is used to build the thermal SZ signal expected for each HFI frequency, I S Z (ν). Specifically, we integrate P(r) along the line of sight and multiply the ensuing map by a thermal SZ Kompaneets nonrelativistic distortion of the CMB spectrum: To take into account the cluster thermal dust emissivity, we further introduce a corrective term, I CT D (ν), that will be detailed below. These components are convolved with HFI beams and high-pass filters that have been applied to the HFi frequency maps (Equ. 5):
The resulting cluster template, I cluster (ν), is fitted to the millimetric cluster signal, as defined in Eq. (9).
2. To fit the X-ray data, P(r) is used to build a spectroscopic temperature template that derives from the ideal gas law:
where n e (r) is determined a priori from the X-ray analysis (see Equ. 1) and η T is a normalization constant. This template is integrated along the line if sight following Equ. (4), then fitted to a radial profile of projected X-ray temperatures extracted in the innermost cluster region (typically inside r x ∼ r 500 ).
In this modeling, any characteristic uncertainty around n e (r) is ignored as a result of its negligible amplitude with respect to spectroscopic temperature fluctuations. Moreover, introducing a free normalization, η T , to the spectroscopic temperatures aims at bypassing any bias in their X-ray estimates. Modeldriven origins of such a bias include the presupposed values of the Hubble constant and the intracluster particle mean weight, or any average departure from the cluster spherical symmetry. Data-driven systematics likely responsible for such a bias include cross-calibration mismatches between the X-ray instruments as reported for instance in Snowden et al. (2008) ; Martino et al. (2014) , and Schellenberger et al. (2015) . Analyses of stacked frequency maps toward clusters of the Planck catalogue have shown that a thermal dust signal of cluster origin is detectable in the HFI data (Planck Collaboration 2016a,c). This signal is expected to spatially overlap with the SZ signal and to follow an average SED, s CT D (ν), that is similar to the Galactic SED once corrected for the cluster redshifts. To take into account this perturbation of the SZ signal, we follow the Planck collaboration works and model s CT D (ν) as a graybody characterised by spectral index, 
Table 2
Parameters of the average pressure profiles fitted to the stacked X-ray and SZ data sets in our cluster samples. 
Moreover, its spatial distribution is the projection of a Navarro-Frenk-White (Navarro et al. 1997) dust density distribution along the line of sight, ρ NFW (r), with the concentration parameter c 500 = 1. To introduce s CT D (ν) into the cluster template of Equ. (12), we note that the cluster signal that derives from Equ. (7) and (9) already subtract any thermal dust anisotropy at 857 GHz, and hence includes both Galactic and cluster thermal dust contributions at this frequency. It follows that the cluster template, I cluster (ν), combines the thermal SZ signal with a linear combination of s GT D (ν) and s CT D (ν) that reaches zero at 857 GHz:
The fit of P(r) and T(r) is performed by leaving P 0 , α and β to vary, in addition to η T and the amplitude of the cluster thermal dust contribution, I CT D (ν). It is achieved via the joint minimization of millimetric and X-ray driven χ 2 , the parameter space of which is explored using Monte-Carlo Markov chains. Note that the millimetric driven χ 2 includes covariance matrices that have been evaluated from instrumental noise simulations that preserve the power-spectrum measured, at each frequency, on differential maps combining both half-mission data sets. Fig. 4 illustrates our pressure profile extraction for two galaxy clusters observed with both Chandra and XMMNewton. The spectroscopic temperature measurements are slightly lower with XMM-Newton than with Chandra, with a decrement of about 10% on radial average, that may reach 25% in the outermost radial bins. Despite this discrepancy, the shape of the temperature profiles is consistent for most radial bins regardless of the X-ray telescope used, so that a joint fit of renormalized spectroscopic temperatures with Planck data yields consistent pressure profiles.
STACKED MASS-SCALED PROFILES
For both the nearby and distant cluster sample defined in Sect. 2, we evaluate an average mass-scaled pressure profile via the fit of a unique self-similar function, p(r) = P(r)/P 500 to all X-ray and SZ data sets. Given a self-similar model of gravitational collapse (Kaiser 1986) , such a rescaling involves a renormalization of individual pressure templates to the characteristic gas pressure, P 500 = n e,500 kT 500 (N07, A10), where n e,500 = 500 f b ρ c (z)/(µ e m p ) and kT 500 = µm p GM 500 /(2r 500 ). Following N07 and A10, we conventionally adopt f b = 0.175, µ = 0.59 and µ e = 1.14, which yields
The estimate of p(r) is performed via the minimization of the sum of all individual χ 2 values separating P(r) and T(r) = η T × P(r)/n e (r) from the data, assuming a specific X-ray-derived density profile for each cluster, n e (r), and a specific temperature normalization η T for each of the two X-ray instruments, XMM-Newton and Chandra. In this procedure, HFI data are corrected for the CMB and thermal dust templates that have been jointly fitted with the pressure profile of each individual cluster. Moreover, χ 2 values take into account spatial correlations of the instrumental noise in the same way as for individual clusters. and Dust Emissivity For each target of our cluster samples, the component separation approach detailed in Sect. 3.2 and 3.3 yields models of the CMB and thermal dust anisotropies, plus a residual cluster signal obtained from subtraction of these components to the high-pass filtered frequency maps. For both our low-and high-redshift samples, Fig. 5 exhibits stacked radial profiles of these components centred toward clusters. As expected, the thermal SZ signal (light blue curve) averaged from individual pressure profile fits matches the stacked HFI data (black points) at all frequencies. The difference between the continuous and dashed red lines depicts the correction of thermal dust anisotropies, I CT D (ν) (see Equ. 14), that has been jointly fit to this signal. This correction, mainly visible at 545 GHz, reaches the order of magnitude of the thermal SZ signal in the high redshift sample, but remains relatively weaker at low redshift. This result is consistent with a picture in which the intrinsic averaged SED of the cluster member galaxies is similar in shape to the SED of our Galaxy, but exhibits a detectable redshift in distant clusters.
Hot Gas Temperature
As detailed in Sect. 3.3, the joint X-ray and SZ extraction of the cluster pressure profiles provides us with a renormalisation of X-ray spectroscopic measurements, via the η T parameter value. Distributions and histograms of these values measured for each cluster in our cluster samples are shown in Fig. 6 . The median values of η T are 1.01 and 1.02 for the low-and high-redshift samples, respectively, with standard deviations of 0.27 and 0.33. Stacked data sets provide us with unique averaged value for each sample and instrument, η T = 1.02 +0.02 −0.03 for the nearby cluster sample, η T = 0.92
as for the distant cluster sample as seen by XMM-Newton and Planck, η T = 1.13 +0.09 −0.12 for the distant cluster sample as seen by Chandra and Planck. These values are statistically con- sistent with η T ≡ 1, a value that would be expected in the absence of any bias on the Hubble constant value, for an ideal intracluster gas showing spherically symmetric density and pressure distributions. Under these assumptions they also agree with the consistency observed in the low-redshift sample between the XMM-Newton and Planck estimates of the integrated gas pressure in the innermost cluster regions, via the Y X,500 and Y 500 proxies (Planck Collaboration 2011).
4.3. Mass-scaled pressure profiles PROFILE SHAPE AND DISPERSION Fig. 7 exhibits the individual gas pressure profiles evaluated for each cluster in our samples. These profiles are rescaled by their characteristic gas pressure, P 500 , and shown together with average scaled profiles and their confidence envelopes, the parameters of which are given in Table 2 . The stacked profile in the nearby cluster sample is very close to the average profile obtained from the nominal 14-months data set by the Planck collaboration, using a Modified Inter Linear Combination Algorithm (Hurier et al. 2013 ) to derive Compton parameters maps. Specifically, the Planck collaboration and the present estimate are fully consistent in the range [0.1, 2] × r 500 , while the present estimate is marginally steeper outside 2 × r 500 . The relative dispersion of individual profiles with respect to the stacked profile values, [P(r) −P (r)]/P (r), is always lower than 8% inside r 500 , but increases in the cluster outskirts and reaches 15% at 2 × r 500 .
EVOLUTION WITH REDSHIFT
To investigate the redshift evolution of the average profile shape, stacked pressure profiles in both our nearby and distant cluster subsamples are superimposed with one another in Fig.  8 . Both pressure profiles are compared with the analytical form proposed by A10 that combines X-ray observations of a representative sample of the local cluster population inside r ∼ r 500 with averaged predictions of hydro N-Body simulations (Borgani et al. 2004 , N07, Piffaretti & Valdarnini 2008 in the cluster outskirts (r ≥ r 500 ). To take into account a small mass dependence of the profile amplitude that is suggested by the X-ray observations of A10, the stacked profile of each subsample has been renormalized for the arithmetical mean of its member mass functions, < f (M 500 ) >, where f (M 500 ) is defined by Eq. (8) of A10:
Consistent with results obtained by the Planck collaboration, the stacked pressure presently derived at low redshift slightly exceeds the average theoretical predictions of A10 beyond r 500 . Moreover, pressure profiles of the nearby and distant subsamples are fully consistent with one another, and a significant excess with respect to A10 is also detected in the outskirts of distant clusters. For cluster masses and distances considered in the present work, we conclude that there is no evolution of the stacked profile shapes or of the individual profile dispersions.
COMPARISON WITH ANALOGOUS OBSERVATIONS
Average pressure profiles in our cluster samples are compared to estimates from other observations of moderately distant cluster samples in Fig. 9 . In the millimetric band, Sayers et al. (2016) combined Planck thermal SZ maps derived from the MILCA algorithm with Caltech Submillimeter Observatory observations performed at an arcminute angular resolution near 140 GHz. Using Chandra observations to derive cluster masses, they derived the averaged pressure profile of a sample of 47 clusters with a median mass of 9.5 × 10 14 M and a median redshift of 0.40. This profile has been modeled using the analytical form of Equ. (10) proposed by A10, and fitted to the data using two free parameters: P o = 9.13 ± 0.68 14 M and an average redshift of 0.46. With respect to their published values of P/P 500 , data points reported in Fig. 9 have been corrected for the baryon fraction implied by the present definition of P 500 (see Eq. 15). After being renormalized to their averaged mass function (< f (M 500 ) >, see Eq. 16), pressure profiles of the present work exceed the profile of Sayers et al. (2016) beyond r 500 , yet appear as fully consistent with the X-ray derived profile of McDonald et al. (2014) .
COMPARISON WITH HYDRODYNAMIC SIMULATIONS
Average pressure profiles in our cluster samples are compared with expectations of hydrodynamic simulations in Fig.  10 . Specifically, pressure profiles in our low-and highredshift cluster samples have been superimposed onto the average pressure profile of 24 galaxy clusters with mass M 200 > 8.10 14 M , extracted at z = 0.0 and z = 0.5 from the hydrodynamic simulation sets of Planelles et al. (2017) . Because simulated profiles are not expected to hold any mass-dependent amplitude, no mass renormalization is needed for the simulation set. These simulations proceed from an upgraded version of the TreePM-SPH code GADGET-3 (Springel 2005) . They include the updated formulation of Smooth Particle Hydrodynamics presented in Beck et al. (2016) , that take advantage from higher order interpolation kernels and derivative operators than earlier SPH simulations, together with new formulations of artificial gas viscosity and thermal conduction. Three simulation sets corresponding to different ICM physics have been investigated: 1) NR, a non-radiative simulation 2) CSF, a simulation including radiative cooling, star formation, supernovae feedback and metal enrichment 3) AGN, a simulation that adds AGN feedback to the CSF physics. Fig. 10 shows us that the relative differences between pressure profiles simulated assuming these three ICM physics are larger in the innermost cluster regions than in the outskirts. In particular, these differences do not exceed 10% at r > r 500 , and appear much lower than the cluster-to-cluster dispersion of the profiles. Despite this intrinsic dispersion, the azimuthally averaged pressure profiles in the CSF and AGN simulations coincide remarkably with the stacked pressure profiles observed with Planck in the cluster outskirts.
DISCUSSION AND CONCLUSIONS
We combined Planck HFI data with Chandra and XMMNewton observations to extract the thermal SZ signal and pressure profiles of galaxy clusters in the Planck catalogue. Assuming spherical clusters, an analytical modeling of the Galactic foreground and CMB anisotropies allows us to deconvolve Compton parameter profiles for the HFI PSF at each frequency. This makes it possible to fully exploit the 5 -arcmin angular resolution of HFI channels beyond 217 GHz and constrain the slope of the pressure profiles in the outer cluster regions (r ∼ 2 × r 500 ). The innermost shape and normalisation of the pressure profiles are complementarily constrained using X-ray priors on the radially averaged gas density and the spectroscopic temperature profiles.
Assuming the spherical symmetry of all thermodynamic quantities that characterize the cluster atmospheres, our normalization of spectroscopic temperature profiles could be used to constrain cosmological models and/or cross-calibrate X-ray and SZ temperature measurements in large cluster samples. Restricting the present work to XMM-Newton observations of nearby clusters (z < 0.5) yields a normalization of spectroscopic temperature profiles that is fully consistent with the expected value, η T ≡ 1. In line with earlier results pre-sented by the Planck collaboration, this suggests that XMMNewton and Planck temperature estimates agree remarkably with one another.
Once renormalized to a characteristic pressure, pressure profiles show a dispersion that remains below 8% inside r 500 , but increases in the cluster outskirts. Consistent with predictions from N-body simulations, profiles thus follow a selfsimilar behavior driven by cluster masses interior to r 500 . The higher dispersion in the outermost regions reflects a more complex baryonic physics, which is likely perturbed by cluster-to-cluster variations in the abundance of accreting materials. Pressure profiles derived from stacked data sets are fully consistent with the average pressure profile derived by the Planck collaboration for low redshift clusters (z = .15), with stacked Chandra observations of clusters detected at intermediate redshift with the South Pole Telescope ( z = 0.46, McDonald et al. 2014) , and with expectations from hydrodynamic simulations of Planelles et al. (2017) . After dividing our cluster sample into intermediate (z < 0.5,z = 0.15) and low (0.5 < z < 1,z = 0.55) redshift subsamples, we do not find any evolution of the individual profile dispersion or stacked profile shape. The cluster-to-cluster profile dispersion incites us to investigate the hot gas isotropy and thermodynamics in the outskirts of nearby galaxy clusters that are well resolved with Planck and accessible to the current X-ray telescopes. It also suggests that any evolution of the profile shapes as a function of cluster masses and distances should be investigated within large cluster samples, possibly via stacking of millimetric and/or X-ray data sets.
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